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CC BY-NC-ND license (http://creativeAbstract The aim of this study was to describe a technique using full-thickness skin grafts
(FTSGs) from different parts of the body for salvage urethroplasties and the present outcomes.
A total of 24 men underwent urethroplasties for strictures averaging 7.7 cm (range, 5e17 cm)
in length, using FTSGs from the inner arm, inner thigh, or abdominal skin. Each of these cases
had at least one failed urethroplasty. Twenty-four patients underwent surgery for 26 urethral
strictures, with a mean follow-up period of 23.2 (5e44) months and a mean operation time of
140 (115e180) minutes. Reconstruction of the urethra with skin grafting was successful in 18
out of the 26 procedures during the first attempt (69%). A “redo” skin grafting was performed
for the eight failed cases, with four successful procedures (50%). Overall, the success rate was
84% (22 out of 26 urethral strictures); however, the failed cases developed abscesses and later,
ureterocutaneous fistulas. No hair formation from the skin grafts was seen. Skin grafts provide
useful alternative graft sources for previously failed long-segment urethral strictures in which
the buccal mucosae are not available or are insufficient for salvage urethroplasties with an
acceptable success rate.
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There are many studies in the literature describing surgical
alternatives for the reconstruction of long-segment ure-
thral strictures [1]. Most of these strictures are short
enough to make end-to-end urethral opposition or
augmentation procedures feasible; however, grafts are
needed when the strictures are too long or when there was
a previously failed reconstruction attempt. The buccal
mucosa is the most commonly used graft source for urethral
reconstructive surgery, with success rates of nearly 90% [2].
However, only about 7e10 cm of the buccal mucosa may be
removed comfortably from each cheek because the har-
vesting of larger grafts results in higher rates of cheek
contracture, as well as increased risks of motor and sensory
nerve injuries in the mouth [3]. Patients with failed ure-
throplasties using buccal mucosae require new sources for
new grafts. Therefore, this study describes a novel tech-
nique using a circumferential full-thickness skin graft
(FTSG) procedure for patients with previously failed ure-
throplasty operations and long-segment urethral strictures.
Methods
Our data were collected between April 2011 and August
2014 from 24 patients who were diagnosed with urethral
strictures. This study evaluated the results of the urethral
stricture repairs performed using FTSGs and was conducted
in a special group of patients who had at least one failed
reconstructive procedure (mean, 1.87; 1e5). The mean age
of the patients was 39.2 (18e63) years, and the mean
follow-up period was 23.2 (5e44) months. These extraor-
dinarily difficult strictures occurred most often because of
gunfire injuries, traffic accidents, or other conditions
causing long-segment urethral defects (Table 1).
Two of our patients had a total urethral defect, from the
perineum to the penile tip, because of a previous urethral
tumor resection. They each underwent a two-stage recon-
struction. For the first stage, full-thickness skin grafting was
performed from the perineum to the penoscrotal junction.
During the second stage, grafting was performed for the
distal section. Therefore, these patients were considered to
have had a total of four skin graft procedures.
Strictures with lengths of <5 cm and those treated with
anastomotic urethroplasties or augmented anastomoticTable 1 Etiologies and location of the uretral strictures.
Stricture n
Etiology
Traffic accident 8
Gunfire injury 6
Stone disease 4
Saddle injury 2
Hypospadias 2
Urethral tumor 2
Location
Penile 8
Bulbar 14
Total (penile þ bulbar) 2repairs were not involved in this study. All of the patients
were evaluated through cystoscopies and urethrograms
prior to the procedures. A flexible cystoscope was used to
identify potential bladder problems related to a long-
standing suprapubic catheter (e.g., bladder stones) and to
identify the distal end of the healthy urethra, which is not
easy to predict using conventional urethrograms. The
stricture length and location, as determined by the flexible
cystoscope, were measured after exploring the stricture.
Principally, the graft length was planned to be 38% longer
than the measured stricture length because of the ex-
pected contracture rate [4].
The patients were placed in the lithotomy position for
the bulbar strictures and in the supine position for the
penile strictures. Flexible cystoscopes and metallic bougies
were used to identify the placement of the healthy tissue in
both the suprapubic tract and urethral meatus. Then, the
skin tissue overlying the stricture was incised, and all of the
previously operated on, unhealthy tissue remnants were
excised. Both ends of the healthy urethra were freed from
the adjacent tissues and prepared for the graft anasto-
mosis. Extensive care was taken in the dissection of the
proximal urethral end (Figure 1).
The type of operation was planned previously and dis-
cussed with the patient, while a suitable location for graft
harvesting was chosen according to hair distribution and the
patient’s needs (Figure 2A). Inner arm, inner thigh, and
abdominal skin were used as sources of the grafts, and an
FTSG was harvested without subcutaneous areolar tissue,
while maintaining a thick dermis. Additionally, tension was
applied during the graft harvesting to avoid creating full-
thickness buttonhole injuries in the skin (Figures 2Be2D).
After the graft was harvested, the donor site was closed in a
single suture line using a 3e0 polyglactin suture, followed by
a running 4e0 polyglactin subcuticular closure. Then, the
graft was tubularized over a Foley catheter (Figures 2E and
2F). Wound care was performed using a dexpanthenol
pomade application every 2 days over the surgery site during
the first 5 days, and then the wound was kept uncovered.
All Foley catheters were left in place for 21 days. After
the catheters were removed, a flexible cystoscopy and
fluoroscopic imaging were performed to ensure the viability
of the graft. The patients were followed for voiding diffi-
culties, with uroflowmetry being conducted postoperatively
during the 1st week, 4th week, and 8th week and then every
3 months. In cases with serious voiding complaints or low
uroflowmetry profiles, the patients were evaluated imme-
diately using a flexible cystoscope combined with fluoro-
scopic imaging. The procedure was considered a failure if
there was any need for surgical intervention or a need for
more than one Foley catheterization.Results
A total of 24 patients underwent surgery for 26 urethral
strictures, with an average stricture length of 7.7 cm (range:
5e17 cm). A total of eight urethral strictures were located
in the penile region, 14 strictures were located in the bulbar
region, and two strictures were located in the penile and
bulbar region. The etiologies of the strictures varied as
follows: eight patients had traffic accidents, six patients
Figure 1. (A) Evaluation of the stricture site using flexible cystoscope. (B, C) Tubularization of the graft tissue over the Foley
catheter and anastomosis of the graft to the proximal and distal site of the stricture. (D) Closure of the scrotum and penile skin.
Figure 2. (A) Nonhair-bearing area for graft harvest. (BeD) Tension was applied during graft harvesting to avoid creating full-
thickness buttonhole injuries in the skin. (E, F) Donor site closure and tubularization of the graft over the Foley catheter.
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patients had a saddle injury, two patients had multiple
hypospadias repair operations, and two patients had ure-
thral tumors (Table 1). The mean prepared graft length was
9.69 cm (range, 7e20 cm), the mean operation time was 140
minutes (range, 115e180 minutes), and the mean follow-up
period was 23.2 months (range, 5e44 months). The urethral
reconstruction with skin grafting was successful in 18 of 26procedures (69%) in the first attempt. The uroflowmetry
parameters of the successful cases were themeanmaximum
flow rate of 18.30 5.32 mL/s and an average flow rate of
12.3 2.52 mL/s; the voided volumes were 280 140 mL.
“Redo” skin grafting was performed for the eight failed
cases, and four of these cases (50%) were successful.
Overall, 22 of the 26 urethral strictures (84%) were treated
successfully by a urethroplasty with skin grafting (Table 2).
Table 2 Graft and success according to stricture location
and graft source.
Graft
Source, n
Inner arm skin 20
Inner thigh skin 10
Abdominal skin 4
Length, cm (range)
Stricture length 7.15 (5e17)
Graft length 9.69 (7e20)
Graft success
Initial reconstruction, rate (%)
Graft success after initial operation 18/26 (69)
Redo, rate (%)
Graft success after second reconstruction 4/8 (50)
Overall success 22/26 (84)
Graft source, success rate (%)
Inner arm skin 16/20 (80)
Inner thigh skin 6/10 (60)
Abdominal skin 2/4 (50)
Urethroplasty using skin grafts 467The success rate of the graft sources was also evaluated.
When the inner arm skin was used as the graft source, it had
a success rate of 80% (16 of 20 grafts). The inner thigh skin
had a success rate of 60% (6 of 10 grafts) and the abdominal
skin had a success rate of 50% (2 of 4 grafts) Overall, out of
the 34 grafting attempts, 24 patients with grafts were alive,
but 10 of them did not survive.
No infections, wound dehiscence, or patient complaints
were observed in any of the primary graft source areas.
Discussion
Long-segment stricture management is difficult because of
the extensive scarring and the paucity of the available graft
tissue. Buccal mucosal harvesting is the most common graft
procedure for urethral reconstruction, but it may be
limited by the amount of graft tissue available for extensive
strictures [5]. Studies have shown that the maximum graft
area should be 4 cm in length and 2.5 cm in width from each
cheek to minimize complications [6]. However, the com-
plications that have been reported from harvesting oral
mucosae include pain, perioral numbness, tightness of the
mouth, motor deficits, and long-term speech morbidity
(lingual mucosal grafts exceeding 7 cm) [7].
The use of a penile fasciocutaneous circular skin flap
has been described for stricture lengths of up to 24 cm,
with a 16% stricture rate at 5 years. The patients can
experience several complications, such as penile scarring,
penile skin necrosis, and a significant loss of penile
sensation [8]. Mundy [9] reported on the use of scrotal skin
tube grafts, with a rate of stenosis of 5% per year after 4
years, thus limiting its use. Intestinal graft sources have
also been described for substitution urethroplasties; for
example, Xu et al [10] reported success in 85.7% of the
patients with long-segment urethral strictures using
colonic mucosae. However, this technique is not feasible
because of the complicated techniques required for the
laparotomy and colon resection. In addition, the use ofintestinal submucosae for bulbar urethroplasties has been
shown to have a 76% success rate, but there was a 100%
failure rate for strictures exceeding 4 cm [7].
FTSG is an alternative tissue for urethroplasty and has
previously been reported using postauricular skin, with a
success rate of 89% at 22 months; however, FTSG can lead
to cosmetically unappealing scarring [11].
In the present study, our aim was to describe a novel
technique using circumferential full-thickness skin grafting
performed for patients who had previously failed ure-
throplasty operations and long-segment urethral strictures.
In our study group, the mean stricture length was 7.7 cm
(5e17 cm), and the mean number of previously failed ure-
throplasties was 1.87 (1e5). The patient etiologies varied,
including traffic accidents, gunfire injuries, saddle injuries,
bladder stone diseases, failed hypospadias operations, and
urethral tumor operations. Here, we needed to find a new
viable graft source to repair these long-segment strictures in
our patient group. Although oralmucosal graft substitution is
considered to be the treatment of choice, it was not feasible
or was inadequate in our patient group because the oral
mucosawas used inmost of the patients as the graft source in
previously failed urethroplasty operations.
FTSG is an attractive graft source with the potential to
harvest a long-segment, continuous graft. Meeks et al [5]
reported successful urethroplasties using abdominal skin
grafting, with a recurrence rate of 19%.
The treatment strategies used in these urethral stricture
cases were discussed with a highly experienced plastic
surgeon in our hospital prior to planning the urethroplasty
operations. The main point of this discussion was to
determine the most appropriate FTSG region instead of the
oral mucosa. The most important indication of the success
of the FTSG is to maintain a scarless and viable stricture
bed. Therefore, the meticulous dissection of the stricture
scar to reach the viable tissue is of vital importance.
Another point in reconstructive surgeries is to predict the
contraction rate of the graft. For example, Stephenson
et al [4] reported that significant contractions in human
FTSGs were found approximately 38% of the time. In our
cases, this possible contraction rate was added to the
stricture length prior to planning the graft length.
Using this technique, the graft region can vary according
to the patient’s needs, such as in the stricture length and the
nonhair-bearing areas of the patient. We prefer the inner
arm, inner thigh, or abdominal skin for the graft harvesting
regions. An FTSG is harvested without the subcutaneous
areolar tissue. By maintaining a thick dermis, the harvested
tissue continues to behave as a full-thickness graft.
The success of the grafts was not the same, depending
on the harvesting region. Overall, the most successful re-
gion for graft viability was the inner arm (80%), therefore,
we preferred this area for the graft source. In using this
salvage urethroplasty technique, all of the cases were
treated successfully, with the exception of the cases that
had gunfire etiologies as the causes of their urethral stric-
tures. This could be because the excessive urethral stric-
tures caused by the gunfire led to fibrosis and severe
damage to the urethral bed. The progress of the unsuc-
cessful cases began with periurethral abscess formation and
ended with urethrocutaneous fistulas. In the successful
cases, no complications were seen, including hair growth
468 C. Sevinc et al.from the graft, glans dehiscence, or urinary tract in-
fections. Additionally, no infections, wound dehiscence, or
patient complaints were observed in the primary graft
source area. It is suggested that preoperatively observing
the patient’s body for nonhair-bearing areas to determine
the most appropriate graft region is important for pre-
venting hair formation after the urethroplasty operation.
Using a flexible cystoscope during urethroplasty and
then for the follow-up examinations plays an important role
in this procedure. This is because these patients have a
history of long-term cystostomy catheters owing to their
urethral strictures, which can cause bladder stone forma-
tion. Moreover, by using a flexible cystoscope, the distal
urethra can be clearly identified, and the stricture can be
measured easily.
This study does have several limitations. For example,
the cohort size was limited, and future long-term analyses
will yield important data with regard to FTSGs for urethral
reconstruction.
In conclusion, FTSGs can be used successfully in salvage
urethroplasties for previously failed long-segment urethral
stricture reconstruction, with acceptable success rates and
limited donor-site morbidity at the early follow up.
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